Materials and Methods
For the purpose of obtaining information on the distribution of the finless porpoise in the coastal waters of western Kyushu around Nagasaki, interview surveys were made with fishermen and ferry crews. Then, in selected waters, ship sighting surveys were conducted monthly or every third or fourth month on survey courses. Additionally, in order to obtain daily continuous sighting data, we asked ferry crews to fill out sighting forms.
Interview Surveys with Fishermen and Ferry Crews
We interviewed several fishermen who worked at a fishing port, and crew members at a ferry terminal in 1987-88. The number of ports, and terminals amounted to 86 and 19, respectively (for locations, see Fig. lA ). We asked them whether they had seen the porpoise, showing a photograph of the porpoise and explaining its distinctive features to make sure that they did not confuse the porpoise with other cetaceans.
Ship Sighting Surveys
Sighting surveys on seven courses were carried out intensively in Ariake Sound, Tachibana Bay, and Omura Bay (Fig. 1B) . The ships used were car ferries, power boats, a chartered fishing boat and a training boat from Nagasaki University, Asagiri (Table 1 ). The passing mode survey was adopted. The cruising speed was 11-13.5 knots for car ferries, about 20 knots for power boats and about 10 knots for fishing and training boats. The eye height of the observer was 7-10 m for car ferries and 1.5-4.3 m for other boats. The following three types of sighting method were used because of constraints on the sighting places of the ships used. 1) One observer (senior author) searched 180ß between bow and stern on the upper deck of the starboard side. 2) One observer (senior author) searched 180ß between starboard and port on the front deck or at the front seat. 3) Two observers (senior author and another person experienced in sighting porpoises) on the front deck searched 90ß from bow to each side. Table  I shows the survey period and sighting method by course. Observation along each course was usually carried out with the naked eye and where necessary with binoculars (7X). The Beaufort sea state was recorded at each transect, which was defined here as one-way travel from terminal to terminal in ferry surveys or one straight line in zigzag course surveys. Only sighting data under a Beaufort sea state of zero or 1 were used for analysis because the sea state had a great influence on sightings.5) The following data were taken at each contact with the porpoise: ship position, school size, angle between the porpoise and the running course of the ship, and distance between the porpoise and the ship. We had trained for distance estimation by eyes using floating buoys of known distance and binoculars with a marked scale. We observed that the finless porpoise was usually indifferent to the sighting vessels. (B) Sighting survey courses: TN, car ferry between Taira (T) and Nagasu (N); SM, Shimabara (S) and Misumi (M); KO, Kuchinotsu (K) and Oniike (0); MT, Mogi (Mo) and Tomioka (To); OM, power boats; FB, fishing boat; TB, training boat of Nagasaki University, Asagiri.
Density Estimation
The porpoise density was estimated by the line transect metnoa. where n is number of individuals sighted and f(0) is the estimated probability density function at zero distance. Two types of line transect models were taken up to obtain J(0). One is the Fourier series6) while the other is the hazard rate model7) Using the grouped perpendicular distance data (see Table 2 ), maximum likelihood estimates of model parameters were searched by the simplex method.8) An estimate of f(O) was given from the most likely model with the minimum AIC (Akaike Information Criterion).
No density estimation was attempted in the courses of MT and OM (Fig. I B) because the perpendicular distance data were too scant to estimate f(0). A common estimate of f(O) was given from the course of FB and TB where the data were also insufficient but both the sighting method (Table  1 ) and the eye height of observers were the same.
The precision of the density estimate D is:
where cv is the coefficient of variation. Following Burnham et al.,6) an estimate of cv(n) is given:
where the whole course is divided into R transects. The symbols n; and l ; refer to the number of individuals sighted in transect i and the length of the transect, respectively.
Results

Distributional Information from Interview Surveys
Little positive information on porpoise occurrence has been obtained in Sumo Nada and the waters between Sasebo and Takashima (Fig. 1A) . Some fishermen working in these waters knew that the porpoise inhabited Omura Bay, but they had never seen it. Only four records of incidental takes were obtained there. On the other hand, the finless porpoise was very well-known among fishermen and ferry crews working in Ariake Sound, Tachibana Bay, and Omura Bay (Fig. IA) . They called the porpoise "Naminoio" and distinguished it from other cetaceans. In these waters the porpoise was actually sighted by us, as shown later. The porpoise is distributed in Ariake Sound, Tachibana Bay, and Omura Bay, whereas its occurrence may be rare in Sumo Nada and the waters between Sasebo and Taka shima. Table 2 shows the observed perpendicular distance frequencies and x2 test (goodness-of-fit) for agreement with, the selected line transect models. Agreement was accepted in all the survey courses (p> 0.05). The estimated mean densi ty in each course during its whole survey period is shown in Table 3 .
Estimation of Mean Density
Geographical difference in the density was examined within the courses with the same sighting method (Table Table 2 The symbol Land R show the total length and total number of transects in iterative surveys,respectively. For abbreviations see Fig. 1B.   1 ). Of the three car ferry courses running in Ariake Sound (TN, SM, KO), the lowest density of 0.341 individuals/km2 was observed in the mouth of Ariake Sound, KO (p < 0.05). No significant difference in density was detected between the remaining two courses in the middle of Ariake Sound, 1.31 in SM and 1.60 in TN (p>0.05). Between the fishing boat course in Ariake Sound (FB) and the training boat course in Omura Bay (TB), no significant difference was detectable because of the low precision of the density estimate in FB, though a point estimate of 0.298 in TB in Omura Bay was lower than 2.29 in FB in the innermost region of Ariake Sound. We considered that the density was lower in TB than in TN and SM in spite of the difference in the sighting method. Firstly, the sighting method 3 applied in TB may have a higher sighting efficiency caused by adding an observer. Secondly, the survey course of TB established inshore may overestimate the density, if the decidedly inshore distribu tion pattern of the finless porpoise reported in the Inland Seal) appears in this water. Thirdly, if we ignore the difference in the sighing method, the density in TB was significantly different from those in TN and SM (p <0.05). We concluded that the density in Omura Bay may be lower than that in Ariake Sound.
Seasonal
Change in Density in Ariake Sound and Tachiban,
Bay
The seasonal change in porpoise density was examined Fig. 2 . Seasonal changes in mean density of the finless porpoise in a survey course TN (see Fig. 1 B) .
The bar shows the standard error. only in a car ferry survey course TN with a sufficient sam ple size of 189 (Table 3 ). The highest density of 3.00 individuals/km2 was found in April and the density gradually decreased from May (Fig. 2) . The lowest density of 0.325 individuals/km2 was found in August. On the other hand, sightings in KO and MT increased from summer to autumn and in summer, respectively. In SM, the only trend observed was that sightings seemed to increase from winter to spring. This is probably because of the alternation of ferry boats from April 1990 and anchoring in winter.
Seasonal Distribution in Ornura Bay
Power boats running in Omura Bay changed their course daily. The number of trips by course was not recorded by the crews. Therefore the only seasonal change in distribution was examined by sighting positions by crews of power boats (Fig. 4) . In spring the porpoise was sighted offshore as well as inshore, whereas it was found more frequently inshore in other seasons. In summer, one record was obtained in the course between Sasebo and Oranda-mura. Occurrence and Topographical Features in Ariake Sound and Tachibana Bay Figure  5 shows the sighting frequencies of the finless porpoise and the depth of water within the survey courses of three ferries, from which KO was omitted because of its short distance. In TN, more porpoises were sighted in the waters near Nagasu and at a distance of approximately 2-3 nautical miles from Taira. In SM, the porpoise tended to be found either near the shore or near shallower waters. In MT, the porpoise was frequently found in waters shallower than 50m. Note that 64% of other dolphin schools were sighted in waters within 5 nautical miles from Tomioka where the depth increased steeply up to 70 m.
School Size
The school size ranged from one to ten individuals (Fig.  6 ). Mean school size was 1.70 individuals (SE 0.05). The 55.8% of the schools sighted were solitary. Schools with 6 or more individuals increased from April to September, whereas the frequency of the solitary porpoise was high in December and low in July. The finless porpoise was sighted in Ariake Sound, Tachibana Bay, and Omura Bay all year round. The mean depths of Ariake Sound and Omura Bay are less than 20m.9,10) In Tachibana Bay, the depth is 60-80m even at the mouth.11) These waters are characterized by extended shallows of less than 50 m in depth. On the other hand, the Sumo Nada, where porpoise occurrence was considered to be rare, increases steeply up to 50 m in depth even near the shore. In the Inland Sea few porpoises were sighted in waters deeper than 40 m.1) Water depth may limit the distribution of the finless porpoise, as seen in Hector's dolphin Cephalorhynchus hectori12) and the harbor por poise Phocoena phocoena.5) In the Inland Sea 82.4% of all the sightings were within one nautical mile of the coast.1) Though inshore occurrence was decidedly less remarkable in western Kyushu, sighting frequencies within 2-3 miles were comparatively high (Fig. 5) . The porpoise may favor water less than 50m in depth and distances of less than 2-3 nautical miles.
Seasonal Movement
Porpoise density tended to increase from September to April in the middle of Ariake Sound (the survey course between Taira and Nagasu). Sightings of the porpoise in the mouths of Ariake Sound and Tachibana Bay increased from summer to autumn and in summer, respectively. The porpoise was thought to move between the two seas seasonally. The calving season was in August-April in western Kyushu.
3) The season with a high density coincided with the breeding season. Breeding may be one of the reasons for the seasonal movement of the porpoise, as Kasuya and Kureha1) suggest. Although there was a possibility that the porpoise moved seasonally in Omura Bay, we did not come to this conclusion from the present data.
In the Inland Sea, the estimated mating season coincided with the season when the mean school size was larger.)) In 
Population
Size Estimation
Population size estimation was attempted for Ariake Sound. Though density estimates were given in the four waters, the estimate in the innermost region vas not precise (Table 3) . If the density in all the waters with a total area of 1,700 km2 is assumed to be equal to 1.60 individuals/km2 in the middle region, where precision was the highest, the population size is 2,700 individuals. The population size may be in the order of thousands. Because the present survey area was too narrow to estimate the density in all the waters, more precise estimates should be made by extensive sighting surveys.
